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Abstract— In this paper, we have proposed a novel 

approach using Fuzzy Logic System (FLS) for the 

potential management of the spectrum access. We have 

used four descriptors such as spectrum utilization 

efficiency of the secondary user, mobility, distance of 

the primary user, and signal strengths of the secondary 

users. On the basis of these descriptors, there are 81 

fuzzy rules have been setup, which are based on the 

linguistic knowledge. The output of the FLS provide 

the possibility of accessing spectrum band for 

secondary users and the user with the greatest 

possibility has to assigned the available spectrum band.  

 

Index Terms—Cognitive radio, Fuzzy logic system, 

Opportunistic spectrum access, Knowledge-based 

spectrum access scheme 

 

I. Introduction 

Cognitive radio is an intelligent wireless 

communication system, which is aware about its 

environment and adopts the statistical variation in the 

input keeping objectives in mind that highly reliable 

communication with efficient utilization of radio 

spectrum without causing the interference to the 

primary user or licensed user [1-6]. Recently, the 

concept of opportunistic spectrum access has emerged 

as a potential way to dramatically improve the 

spectrum utilization by cognitive radio to adopts the 

opportunistic spectrum access approach, which allows 

the secondary users to access the spectrum hole 

efficiently [3, 4]. The primary users have provision to 

access the communication channels at any time, 

whereas secondary users need to sense the radio 

environment, and opportunistically utilize the available 

spectrum [7]. Meanwhile, they need to adapt to the 

local behaviours of primary users and vacate the 

spectrum immediately when the presence of primary 

users has detected, which is the case of spectrum 

handoff [8, 9]. The design of cognitive radio is very 

challenging due to complexity, modularity, information 

imprecision and mobility issues [10]. The opportunistic 

spectrum access encounters several challenges such as: 

How to access the spectrum opportunistically without 

causing interference with other secondary users as well 

as primary user? How does a device sense and identify 

opportunities and coordinate their use? What should be 

the priority mechanism? How do we control such 

access to be in accordance with regulatory policies [11, 

12]? In the research literatures on the opportunistic 

spectrum access, spectrum allocation using a graph 

colouring algorithm is proposed but mobility of the 

secondary users is not considered [13]. Some work 

using game theoretical analysis has been performed by 

Nie and Comaniciu [14] to find out the strategies for 

spectrum sharing. The opportunistic spectrum access 

via periodic sensing has also been discussed by Zhao, 

et al [15], where framework of constrained Markov 

decision processes is presented, which yields the 

negligible loss of throughput but the presence of more 

than two secondary users is not considered. The 

concept of opportunistic spectrum access and the 

listen-before-talk approach leads to overlooked 

spectrum an opportunity which has been discussed by 

Zhao [16]. For enhancing the performance of cognitive 

radio fuzzy logic based scheme is developed by 

Wanbin and Dong [17], where spectrum handoff issue 

with efficient utilization of spectrum bandwidth is 

discussed. The efficient decision making in the 

cognitive radio by fuzzy logic is also discussed by 

Matinmikko et al [18], which explored the application 

of fuzzy logic in telecommunication.  The intelligent 

handoff algorithms and access scheme by fuzzy logic 

system for fourth generation network is also discussed 

in [19]. Coexistence beacon protocol (CBP) is 

proposed by using fuzzy logic to improve resource 

utilization and fairness in cognitive radio as well as 

mobility issue is also discussed in [20]. Opportunistic 

spectrum access by using fuzzy logic has been 
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discussed by Qilang et al [21], they have used three 

descriptors or antecedents for developing the access 

scheme, which are spectrum utilization efficiency, 

distance of secondary users from the primary user, and 

its degree of mobility but they have not considered the 

signal strength of secondary user yet, authors have not 

consider the effect of channel variation due to 

multipath and fading, thus the reliability is low. So we 

have look forward to overcome this limit in the present 

work. To achieve these objectives, we have used four 

descriptors or antecedents, which are spectrum 

utilization efficiency of the secondary user, its degree 

of mobility, its distance to the primary user and signal 

strength of secondary users. On the basis of these 

descriptors 81 fuzzy rules have been set up, which are 

based on linguistic knowledge. The output of the fuzzy 

logic system provides the possibility of each secondary 

user, which has to be assigned spectrum band and the 

user with the greatest possibility will be assigned the 

available spectrum band.  

The remainder of this paper is organized as follows. 

Section 2 gives proposed system model. Section 3 

describes knowledge processing and opportunistic 

spectrum access. Section 4 presents the simulation 

results and discussion. Conclusion and future work are 

given in the final section. 

 

II. Proposed System Model 

The proposed FLS is as shown in Figure 1 where the 

system operates with four antecedents and one 

consequence as given below: 

 

 
Fig. 1: Proposed FLS model structure. 

 

Figure 1 shows the structure of a fuzzy logic system 

(FLS). When an input is applied to a FLS, the inference 

engine computes the output set corresponding to each 

rule. The defuzzifier then computes a crisp output from 

these rule output sets. Consider a p-input and 1-output 

FLS, using singleton fuzzification, center-of-sets 

defuzzification and ‗‗IF-THEN‘‘ rules of the form: 

Rl   : IF x1 is F1 l  and x2 is F2 l and . . . and xp is Fpl; 

THEN y is Gl 

Assuming singleton fuzzification is used, when an 

input x‘ = {x1‘, x2‘, x3‘……xp‘} is applied; the degree 

of firing corresponding to the lth rule is computed as 

[21].  

         (1) 

where H and T both indicate the chosen t-norm [22]. 

There are many kinds of defuzzifier. In this paper, we 

have emphasized for illustrative purposes, on the 

center-of-sets defuzzifier. It computes a crisp output 

for the FLS by first computing the centroid, CGl; of 

every consequent set Gl, and, then computing a 

weighted average of these centroids. The weight 

corresponding to the lth rule consequent centroid is the 

degree of firing associated with (1),  
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where M is the number of rules in the fuzzy logic 

system. Flow chart for this proposed scheme is as 

follow- 

 
Fig.2 Flow chart for proposed scheme of opportunistic spectrum access. 



 A Novel Approach for Spectrum Access Using Fuzzy Logic in Cognitive Radio 3 

Copyright © 2012 MECS                                                I.J. Information Technology and Computer Science, 2012, 8, 1-9 

III. Knowledge Processing and Opportunistic 

Spectrum Access 

We have designed a fuzzy logic system to solve the 

opportunistic spectrum access problem in cognitive 

radio networks. We use the fuzzy logic system to take 

decision because it is conceptually easy to understand. 

The mathematical concepts behind fuzzy reasoning is 

very simple flexible. In this spectrum access scheme, 

we have used four antecedents or descriptor in fuzzifier 

as input. Expert knowledge for selecting the best 

suitable secondary user to access the available band is 

collected based on the following four antecedents: 

1) Antecedent 1: Spectrum utilization efficiency, 

2) Antecedent 2: Degree of mobility, 

3) Antecedent 3: Distance to the primary user, and  

4) Antecedent 4: Signal strength of secondary users. 

 

We have taken ―IF THEN‖ rules for conditional 

statement. Generally, the secondary user with the 

farthest distance to the primary user or the secondary 

user with maximum spectrum utilization efficiency can 

be chosen to access spectrum under the constraint that 

no interference is created for the primary user at this 

moment mobility of the secondary user should be low 

and the signal strength should be high. In the proposed 

approach, using the rule based FLS, we combine the 

above four descriptors to find optimal solutions to 

assign spectrum opportunistically. We see that 

different users will perceive different available 

spectrum and using spectrum efficiently and signal 

strength is the main purpose of the opportunistic 

spectrum access schemes. Hence, spectrum utilization 

efficiency s  is introduced in proposed design and is 

defined as the ratio between the spectrum band which 

will be used by the secondary user and the available 

band [21]. 

100%s
s

a

BW

BW
  

                                            (3) 

where BWs and BWa are the spectrum bandwidth 

which is used by the secondary user and the total 

available bandwidth respectively. Mobility of the 

secondary user plays an important role in design. When 

the secondary user is moving at a velocity v m/s, it 

causes the Doppler shift [21, 22]. 
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where df  is the Doppler shift,   is the arrival angle of 

the received signal relative to the direction of motion, c 

is the wave velocity, and cf  is carrier frequency. 

Mobility can reduce the detection capability of signal 

from the primary users as well as other secondary user 

signals. If the secondary user is not capable of 

detecting the primary signal, it will misdetect that 

channel is free or spectrum is vacant; that is leading to 

potential interference to adjacent users, i.e., the signal 

transmitted by the secondary user will interfere with 

the signal that the primary user is trying to decode. 

This situation is often referred as the hidden node 

problem [23]. Besides, we also consider the distance 

from the secondary user to the primary user. We can 

consider signal-to noise ratio (SNR) as a proxy for 

distance [21]. Signal strength has considered as fourth 

input variable. Signal to noise ratio (SNR) detection of 

secondary users provides the knowledge about the 

signal strength of secondary users, since we chose a 

single consequent for each rule to form a rule base; we 

averaged the cancroids of all the responses for each 

rule and used this average in place of the rule 

consequent centroid. Doing this leads to rules that have 

the following form: Rl: IF spectrum utilization 

efficiency of the secondary user (x1) is F1l, and its 

degree of mobility(x2) is F21, its distance to the primary 

user (x3) is F3 and signal strength of the secondary (x4) 

is F41, THEN the possibility (y) that this secondary 

user is chosen to access the available spectrum is 

Cavg ,from (2) [21]: 
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where l =1; 2; . . . 81; The linguistic variances used to 

represent the spectrum utilization efficiency, Signal 

strength and degree of mobility are divided into three 

levels: low, moderate, and high while we use three 

levels, which are near, moderate, and far to represent 

the distance. The consequence, that is, the possibility 

that the secondary user is chosen to access the 

spectrum is divided into five levels which are very low, 

low, medium, high and very high. We use trapezoidal 

membership functions (MFs) to represent near, low, far, 

high, very low and very high, and triangle membership 

functions  to represent moderate, low, medium and 

high [24-26]. Membership functions are described in 

Fig. 2 [21]. Since we have four antecedents, we need to 

set up 34 = 81 rules for this FLS. Then, we design rules, 

which will be used to take decision, according to rules 

as follows: 

 
 

(a) 
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(b) 

 

 
(c) 

 

 
(d) 

 

Fig. 2: Descriptors and output in linguistic variables form, where  

(a) is spectrum efficiency,  

(b)  indicates mobility and distance,  

(c) represents  signal strength and,  

(d) represents output. 

 

―IF the spectrum utilization efficiency of the 

secondary user is moderate, its degree of mobility is 

low, its distance to the primary user is far and signal 

strength is high THEN the possibility that this user is 

selected to access the spectrum is ---------‖here Cavg   

can be calculated through (5): 
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Since we chose a single consequent for each rule to 

form a rule base, we averaged the centroids of all the 

responses for each rule and used this average in place 

of the rule consequent centroid. This method is the 

most popular defuzzification method which returns the 

center of area under the curve. Doing this leads to rules 

that have the following form: For every input (x1, x2, 

x3,x 4), the output or consequences  y(x1, x2, x3,X4), of 

the designed FLS is computed, from (5) as: 
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The rules are defined based on the linguistic 

knowledge center of sets defuzzification method is 

used to calculate the output, according to which 

priority to access the spectrum is made while maintain 

the seamless communication [21]. 

 

IV. Simulation Results and Discussion  

We recognize that (6) can be represented in a 2-D 

plot, which has been shown by Figure 3, where we 

fixed the mobility at moderate, varying distance at step 

size of two and consider the three cases of signal 

strength, which has been kept as low, moderate and 

high with varying efficiency and made it to in 2-d plot. 

Figure 3(b), 3(c) and 3(d) represents the opportunistic 

spectrum access decision plot for the cognitive user for 

these three cases respectively. From Fig 3, we see 

clearly that, at the same spectrum utilization efficiency 

and mobility degree, secondary users farther from the 

primary user have higher chance to access the spectrum. 

We also show the surface of three antecedent case for 

comparison purpose when signal strength has not been 

considered in Fig 3(a) we recognize that (6) is 

observed in a 4-D surface. Since it is impossible to plot 

visually, we fix one of four variables. More specifically, 

we fixed mobility of the primary user. We have taken 

the three descriptor case where signal strength of SUs 

is not considered for comparison purpose [21].  

Mobility is fixed as moderate shown Fig 4(a), where 

distance and spectrum efficiency are varying but signal 

strength of secondary user is not considered. Similarly 

for observations, in our scheme we made the three 

cases as shown in figure 4(b), 4(c) and 4(d). Mobility is 

fixed as moderate and distance, spectrum efficiency are 

varying, but in first case shown in Fig 4(b), signal 

strength is kept as low, where in Fig. 4(c), signal 

strength is considered as moderate, and in Fig. 4(d) 

signal strength is considered as high. 
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Table 1:  Rules for proposed fuzzy logic structure: 

 
RULE# ANTECEDENT 1 ANTECEDENT 2 ANTECEDENT 3 ANTECEDENT 4 CONSEQUENCE 

1.  LOW LOW LOW LOW VERY LOW 

2.  LOW LOW LOW MEDIUM LOW 

3.  LOW LOW LOW HIGH LOW 

4.  LOW LOW MEDIUM LOW VERY LOW 

5.  LOW LOW MEDIUM MEDIUM LOW 

6.  LOW LOW MEDIUM HIGH LOW 

7.  LOW LOW HIGH LOW VERY LOW 

8.  LOW LOW HIGH MEDIUM LOW 

9.  LOW LOW HIGH HIGH LOW 

10.  LOW MEDIUM LOW LOW VERY LOW 

11.  LOW MEDIUM LOW MEDIUM LOW 

12.  LOW MEDIUM LOW HIGH MEDIUM 

13.  LOW MEDIUM MEDIUM LOW VERY LOW 

14.  LOW MEDIUM MEDIUM MEDIUM MEDIUM 

15.  LOW MEDIUM MEDIUM HIGH MEDIUM 

16.  LOW MEDIUM HIGH LOW VERY LOW 

17.  LOW MEDIUM HIGH MEDIUM LOW 

18.  LOW MEDIUM HIGH HIGH LOW 

19.  LOW HIGH LOW LOW VERY LOW 

20.  LOW HIGH LOW MEDIUM MEDIUM 

21.  LOW HIGH LOW HIGH MEDIUM 

22.  LOW HIGH MEDIUM LOW VERY LOW 

23.  LOW HIGH MEDIUM MEDIUM MEDIUM 

24.  LOW HIGH MEDIUM HIGH HIGH 

25.  LOW HIGH HIGH LOW VERY LOW 

26.  LOW HIGH HIGH MEDIUM MEDIUM 

27.  LOW HIGH HIGH HIGH MEDIUM 

28.  MODERATE LOW LOW LOW VERY LOW 

29.  MODERATE LOW LOW MEDIUM LOW 

30.  MODERATE LOW LOW HIGH LOW 

31.  MODERATE LOW MEDIUM LOW VERY LOW 

32.  MODERATE LOW MEDIUM MEDIUM LOW 

33.  MODERATE LOW MEDIUM HIGH MEDIUM 

34.  MODERATE LOW HIGH LOW VERY LOW 

35.  MODERATE LOW HIGH MEDIUM LOW 

36.  MODERATE LOW HIGH HIGH LOW 

37.  MODERATE MEDIUM LOW LOW VERY LOW 

38.  MODERATE MEDIUM LOW MEDIUM LOW 

39.  MODERATE MEDIUM LOW HIGH MEDIUM 

40.  MODERATE MEDIUM MEDIUM LOW VERY LOW 

41.  MODERATE MEDIUM MEDIUM MEDIUM MEDIUM 

42.  MODERATE MEDIUM MEDIUM HIGH HIGH 

43.  MODERATE MEDIUM HIGH LOW VERY LOW 

44.  MODERATE MEDIUM HIGH MEDIUM LOW 

45.  MODERATE MEDIUM HIGH HIGH MEDIUM 

46.  MODERATE HIGH LOW LOW LOW 

47.  MODERATE HIGH LOW MEDIUM HIGH 

48.  MODERATE HIGH LOW HIGH VERY HIGH 

49.  MODERATE HIGH MEDIUM LOW LOW 

50.  MODERATE HIGH MEDIUM MEDIUM MEDIUM 

51.  MODERATE HIGH MEDIUM HIGH HIGH 

52.  MODERATE HIGH HIGH LOW VERY LOW 

53.  MODERATE HIGH HIGH MEDIUM MEDIUM 

54.  MODERATE HIGH HIGH HIGH HIGH 

55.  HIGH LOW LOW LOW VERY LOW 

56.  HIGH LOW LOW MEDIUM LOW 

57.  HIGH LOW LOW HIGH MEDIUM 

58.  HIGH LOW MEDIUM LOW VERY LOW 

59.  HIGH LOW MEDIUM MEDIUM LOW 

60.  HIGH LOW MEDIUM HIGH MEDIUM 

61.  HIGH LOW HIGH LOW VERY LOW 

62.  HIGH LOW HIGH MEDIUM LOW 

63.  HIGH LOW HIGH HIGH MEDIUM 

64.  HIGH MEDIUM LOW LOW VERY LOW 

65.  HIGH MEDIUM LOW MEDIUM MEDIUM 

66.  HIGH MEDIUM LOW HIGH HIGH 

67.  HIGH MEDIUM MEDIUM LOW VERY LOW 

68.  HIGH MEDIUM MEDIUM MEDIUM MEDIUM 

69.  HIGH MEDIUM MEDIUM HIGH HIGH 

70.  HIGH MEDIUM HIGH LOW VERY LOW 

71.  HIGH MEDIUM HIGH MEDIUM LOW 

72.  HIGH MEDIUM HIGH HIGH HIGH 

73.  HIGH HIGH LOW LOW LOW 

74.  HIGH HIGH LOW MEDIUM HIGH 

75.  HIGH HIGH LOW HIGH VERY HIGH 

76.  HIGH HIGH MEDIUM LOW LOW 

77.  HIGH HIGH MEDIUM MEDIUM HIGH 

78.  HIGH HIGH MEDIUM HIGH VERY HIGH 

79.  HIGH HIGH HIGH LOW VERY LOW 

80.  HIGH HIGH HIGH MEDIUM HIGH 

81.  HIGH HIGH HIGH HIGH HIGH 
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(a) 

 
(b) 

 
(c) 

 

(d) 

 

Fig 3. Observed 2-d plots in which,  

(a) represent graph for three antecedents,  

(b) represents case of four antecedents when signal strength is high,  

(c) represents medium signal strength and  

(d) represents low signal strength. 
 

Opportunity to access spectrum calculated by (5) is 

calculated as low for low signal strength, and for 

moderate signal strength it is moderate and for high 

signal strength it is high, that means user with high 

Signal Strength is preferred. But other parameter also 

contribute major issues as distance, opportunity to 

access spectrum increases as distance increases ,and 

when efficiency is high. Mobility plays crucial role 

such that as it increases that is the number of handover 

increases priority for access the spectrum 

opportunistically decreases. Above all things can easily 

observed from the surface plot shown in Figure 4(a), 

4(b), 4(c), and 4(d). From Fig. 3, we clearly see that, at 

the same spectrum utilization efficiency and mobility 

degree, secondary users further from the primary user 

with high signal strength have higher chance to access 

the spectrum. We have also compared our scheme with 

the scheme of opportunistic spectrum access (case of 

three antecedents with when signal strength is not 

considered) [21]. 

 

 
(a) 

 

 

 
(b) 
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(c) 

 

 
(d) 

 

Fig. 4: Decision surface of combine three descriptor, where  

(a) surface plot for three antecedents  

(b) represents case of four antecedent when signal strength is high,  

(c) represents medium signal strength and  

(d) represents low signal strength. 
 

We observed that in three antecedent case priority to 

access the spectrum is given to that secondary user 

which has high spectral efficiency with farthest 

distance from primary user, similarly in our scheme we 

observed same results but we have introduced the 

fourth antecedent as signal strength in the range of low, 

moderate and high which modifies the results in terms 

of accuracy i.e. it can observed from Fig. 4(a) and 4(b) 

that in case of low signal strength output or priority to 

access the spectrum calculated is low as compared the 

case of three antecedent, similarly for moderate signal 

strength it shows better result Fig 4(c), but when the 

case of high signal strength is considered we got the 

same result as for three antecedent. This shows that 

accuracy to give the priority to secondary users has 

been increased by introducing the signal strength as 

fourth parameter. Reliability of scheme is also 

increased as we scaled the accuracy in terms of fourth 

parameter introduced.  

 

V. Conclusion 

We have proposed a method based on the fuzzy logic 

system to control the opportunistic spectrum access for 

secondary users in cognitive radio networks. The 

secondary user is selected based on four antecedents 

(descriptors), which are spectrum utilization efficiency 

of the secondary user, its mobility, its distance to the 

primary user and Signal strengths. This scheme is 

based on linguistic knowledge, so that an acceptable 

decision can be obtained. As a result, we represent the 

opportunistic spectrum access decision surface. An 

opportunistic spectrum access scenario was analyzed 

and compared with the scheme [21] proposed for three 

antecedents approach. In proposed approach, we 

obtained the advantage over three antecedent‘s scheme 

in terms of accuracy; moreover, we can modify the 

membership functions of descriptors in accordance to 

requirements of the primary user network and the 

spectrum policy. Hence, our approach is promising to 

be implemented practically in future cognitive radio 

networks. We see that it is better if the secondary user 

uses adaptive fuzzy logic system over the fixed rule 

based fuzzy logic system, in this way scheme will 

become more accurate and quality of service (QoS) 

degradation can be mitigated, as it will govern the 

adaptive rules for priority purpose to use the spectrum 

opportunistically. 
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